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According to a first aspect of the invention there is provided apparatus for 
cold forging a metal workpiece, comprising a die with means to alleviate 
stress to the v^orkpiece during forging. 

According to a second aspect of the invention there is provided apparatus for 
enlarging part of a metal w^orkpiece by cold forging, compressing an 
enlarging die with means to alleviate stress to the workpiece during forging. 

Using the invention it is possible to provide an enlarged end of deformed 
(ribbed) and undeformed reinforcement bars without changing their overall, 
tensile characteristics. 

The stress alleviating means may comprise a relief channel into which metal 
can flow during forging. This is a relatively simple yet effective construction, 
particularly where the relief channel may be a substantially U-shaped groove 
in the die. 

There may be two opposed dies. This provides for positive enlargement over 
the whole circumference of the workpiece. 

Each die may have a first die part, and a second die part which second die 
part may be enlarged relative to the first die part and may be adapted to allow 
part of the workpiece to project therefrom, the arrangement being such that 
in use the projecting part of the workpiece is upset and enlarged. This is a 
particularly simple and efficient construction. 

There may be means to press the die parts together, and means to apply , 
pressure in a direction substantially at 90° to the first-mentioned press 
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FORGING OF WORKPIECES 



The invention relates to forging of workpieccs, particularly metal workpieces 
such as reinforcing bars for use in building construction, particularly concrete 
construction. 

Concrete reinforcing bars, which may be deformed by external ribs, or plain, 
are usually provided in finite lengths. 

It is often necessary to join them in line to provide a more extensive 
reinforcement than might otherwise be possible owing to the finite length. 
Such bars have a high tensile strength, and it is accordingly necessary not to 
undermine that strength during any process to enable the bar to be connected 
with another. Usually this is effected by providing a thread on one end, 
usually by cold working, which can be advantageous as the bars are usually 
made from steel, with a high carbon and manganese content. However, 
forming a thread at one end of the bar often reduces the cross-section of the 
bar, thus lowering its tensile cross-section in the region of the thread, which 
leads to failure in use, which can be catastrophic for the concrete. It is thus 
necessary to ensure that the threaded end (which is formed by rolling, milling 
or cutting) is enlarged, relative Vo the remaining length of the bar, so that the 
effective tension cross-section of the threaded part is not smaller than that of 
the remaining length of bar. However, in the past, enlarging techniques have 
not been able satisfactorily to produce an enlarged end of a ribbed bar in 
which the tensile strength is not effected as compared with that of the 
remainder of the bar. 

It is an object of the invention to seek to mitigate these disadvantages. 



cold forging an elongate metal workpiece, comprising the steps of providing 
forging apparatus having a die, providing the die with means to alleviate 
stress in the workpiece during forging, and forging the workpiece. 

The method may include the steps of providing two opposed forging dies. 
This provides a positive method of operation. 

Each forging die may comprise a relief channel into which material of the 
workpiece can flow during forging. This provides that the tensile integrity of 
the workpiece is maintained. 

There may be the steps of providing that each die part has a first die part and 
a second die part enlarged with respect to the first die part, inserting an 
elongate workpiece between the dies so that the first die part receives a main 
part of the workpiece, and an end of the workpiece projects through and 
beyond the second die part, and upsetting the projecting end so that it flows 
into the enlarged second die part. This provides an efficient method of 
enlargement. 

There may be the steps of removing the forged workpiece from the apparatus 
and forming a thread on the enlarged part of the workpiece. This provides a 
way to connect the workpiece with another similar one. 

According to a fourth aspect of the invention there is provided an elongate 
metal workpiece whenever forged by a method as hereinbefore defined, or 
whenever produced by a method as hereinbefore defined. 



The elongate metal workpiece may have at least one threaded end, and may 



direction. This provides for maintaining a tensile integrity of the workpiece 
during a forging/enlarging procedure. 

The means for pressing the die parts together may comprise an hydraulic 
press acting substantially vertically in use. This is an effective construction. 

The second-mentioned means may comprise an hydraulic press acting 
substantially horizontally. This is also an effective construction. 

At least the distance between the enlarging die and the substantially- 
horizontally acting hydraulic press may be adjustable. This provides for a 
desired enlarging operation. 

The distance may be adjustable by adjusting the pressure of a forging piston 
for effecting forging. This is an effective way of adjusting the operation. 

An equally effective alternative may be by the distance being adjustable by 
adjustment of a forging pad on which the forging piston can act. 

The pressure of the substantially vertically acting hydraulic press may also be 
adjustable. This again provides a desired control of the procedure. 

The first die part may have an internal die configuration substantially 
complementary to the external configuration of a major part of a workpiece 
which is to be forged. This provides for support of the workpiece during 
enlargement. 

According to a third aspect of the invention there is provided a method of 



Figs. 6 and 7 show an end elevalional view of forging dies used in the 
apparatus of Figs. 4 and 5, Fig. 6 showing a reinforcing bar in position; 

Fig. 8 shows a side elevalional view of the forging dies of Fig. 6 with the 
reinforcing bar in position for enlargement of one end; 

Figs. 9 to 11 show stages in the production of an enlarged threaded end of a 
reinforcing bar according to the invention; 

Fig, 12 shows use of a reinforcing bar according to the invention; and 

Fig. 13 shows a reinforcement system, comprising a plurality of reinforcing 
bars according to the invention. 

Referring to the drawings, there is shown apparatus 1 (Figs. 4 to 8) for cold 
forging or enlarging a metal workpiecc in the form of a reinforcing bar 2 for 
concrete comprising a die 3 to alleviate stress to the workpiece 2 during 
forging. 

Thus a reinforcing bar 2 with a very high tensile strength which has a 
variable outer configuralipn owing to the variation in the size and shape of 
surface deformations (ribs), particularly longitudinally extending ones 4 can 
be soft cold enlarged without reducing the mechanical characteristics and 
strength of the reinforcing bar 2* Thus the tensile strength and yield strength 
of the reinforcing bars are not reduced, unlike in the prior art of Figs. 1 to 
3. Fig. 1 shows an end of a prior art reinforcing bar A which has been 
enlarged and then had a thread 'T applied to it. There is a tendency for a 
crack 'C to form, Figs. 2, 3, if the enlarging process is not controlled so that 
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comprise a reinforcing bar for use in building construction. 

Such a reinforcing bar may have an internally threaded sleeve on an end 
opposite an enlarged threaded end. 

According to a fifth aspect of the invention there is provided a reinforcing 
system, comprising a plurality of reinforcing bars as hereinbefore defined. 

According to a sixth aspect of the invention there is provided concrete 
whenever reinforced by a workpiece or reinforcing bar as hereinbefore 
defined. 

Apparatus and a method for cold forging or enlarging a metal workpiece by 
cold forging is hereinafter described, by way of example, with reference to 
the accompanying drawings. 

Fig. 1 shows a copy of a photograph of the threaded end of a prior art 
deformed metal reinforcing bar for use in reinforcing concrete in building 
construction; 

Fig. 2 shows a cross-section at 'b' in Fig. 1; 

Fig. 3 shows an enlargement of C in Fig. 2, at a magnification of 20:1; 

Figs. 4 and 5 show respectively schematic elevational views of apparatus 
according to the invention for soft-cold forging/enlarging of a metal 
reinforcing bar; 



the enlargement is cither loo large or conversely too small. In this latter case, 
the failure occurs at the threaded section as the cross-sectional area of the 
thread is too small. Such dimensional irregularities will lead to early failure 
in use of the prior art bar A. 

This is obviated using the apparatus 1 of Figs. 4 to 8, in which there is the 
die 3 in the form of a pair of substantially vertically (as viewed) opposed dies 
5, 6, each having a relief or stress alleviating means in the form of a relief 
channel or track 7 or substantially U-shaped groove which extends from a 
second die part 8 or enlarging die which is enlarged with respect to a first die 
part 9. There is also a tapered transition or contour 10 between the first and 
second die parts 9, 8 which allows a controlled application of pressure. 

The .first die part 9 is complementary to the outer diameter of the main body 
part of the reinforcing bar 2. The length of the dies 5, 6 is such that the 
reinforcing bar 2 at one end extends through and beyond the enlarged die part 
8. The apparatus 1 includes a first pressure applying means in the form of an 
hydraulic press 11 which acts substantially vertically (as viewed) to act on the 
main part of the reinforcing bar by pressing on the ribs 4. This reduces the 
risk of increasing stress in the reinforcing bar 2 during enlargement of the 
end. There is also a second pressure applying means in the form of an 
hydraulic press 12 which acts substantially horizontally (as viewed). The 
horizontal distance can be adjusted as desired by adjusting the distance of the 
piston 13 and/or by adjusting a pad or disc 14 which pad or disc 14 is 
intermediate the piston 13 and the enlarged die part 8. The effect is to adjust 
the distance of the reinforcing bar which projects beyond the enlarged die part 
8. Other means of adjustment may be utilised. 
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In operation to form an enlarged end 2a of the reinforcing bar 2, the dies 5, 
6 are separated vertically, the reinforcing bar 2 is inserted through a guide 
and support 15 in a frame 16 of the apparatus 1, so that the end to be 
enlarged projects beyond the enlarged die parts 8. The bar 2 is then pressed 
by lowering the die part 5 vertically, arrow 'X' via its piston 17 to engage the 
lower die part so that the bar 2 is supported over substantially the whole 
length of its main body. Then the hydraulic press 12 is actuated to act on the 
projecting end to upset it in a cold forging operation, the relief grooves or 
tracks 7 allowing the upsetting to take place without the imposition of 
additional stresses during enlargement. Also, the grooves 7 allow the shape 
and dimensions to be controlled in a positive manner ,which control is 
assisted by the tapered zone 10, . which with the relief grooves 7 allows a 
smooth, controlled enlargement with alleviation of stress build up, so that the 
bar has a tapered part 17 between the main body and the enlarged end 2a 
with no additional stresses. 

After enlargement of one end, the other end can be enlarged too, or not. The 
enlarged end(s) is/are then threaded by rolling, milling or broaching to form 
a thread 18. As the enlarging operation is effected cold, with no increase in 
stress, the material of the enlarged end is "soft", so facilitating a rapid thread- 
cutting operation without damage to the thread cutting tools. The provision • 
of soft cold forging allows for stress relieving so that there is no increase in 
stress in the enlarged end, and the control of the distance of the projecting 
reinforcing bar beyond the enlarging dies 8 provides the desired proper size 
of the end being enlarged. Thus the enlarged end is not too large (which 
would create a crack in the enlarged end), and not too small (which would 
create failure in the thread region), according to the particular size and shape 
of the reinforcing bar being enlarged. 
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CLAIMS 



1. Apparatus for cold forging a metal workpiece, comprising a die with 
means to alleviate stress to the workpiece .during forging. 

2. Apparatus for enlarging part of a metal workpiece by cold forging, 
comprising an enlarging die with means to alleviate stress to the workpiece 
during forging. 

3. Apparatus according to Claim 1 or Claim 2, the stress alleviating 
means comprising a relief channel into which metal can flow during forging. 

4. Apparatus according to Claim 3, the relief channel comprising a 
substantially U-shaped groove in the die. 

5. Apparatus according to Claim 3 or Claim 4, there being two opposed 
dies. 

6. Apparatus according to Claim 5, each die having a first die part and 
a second die part which second die part is enlarged relative to the first die 
part and is adapted to allow part of the workpiece to project therefrom, the 
arrangement being such that in use the projecting part of the workpiece is 
upset and enlarged. 

7. Apparatus according to Claim 6, comprising means to press the die 
parts together, and means to apply pressure in a direction substantially at 90° 
to the first-mentioned press direction. 



Fig. 12 shows a reinforcing bar 2 with an internally threaded sleeve 19 on 
one end in concrete 20 about to be connected with a reinforcing bar 2 
according to the invention, the threaded enlarged end 2a, 18 being screwed 
into the sleeve 19 to effect connection. This can be effected manually on site, 
with the aid if required of pliers or tongs. Fig. 13 shows a reinforcement for 
concrete in the form of a complete system of reinforcing bars connected 
together - looking from the left there is a bar T with a sleeve 19 (like that of 
Fig. 12) a bar 2" with enlarged threaded ends, a bar 2"' with a threaded 
sleeve 19 at each end, a bar 2"" with a threaded enlargement at one end and 
an internally threaded sleeve 19 at the other, a bar V with a double external 
enlarged thread at each end, a sleeve 21 with internal threads at both ends 
and a bar 1^ with an enlarged threaded end. These, it will be understood, are 
examples of possible combinations for connecting reinforcing bars embodying 
the invention in a reinforcement system for concrete. 

It will be understood too that the apparatus 1 described with reference to the 
drawings provides a regular and homogenous enlarged end 2a in which the 
stresses are virtually identical to those in the unenlarged part of the bar so 
that a full load can be applied when used in concrete constructions. 
Moreover, cold enlarging as described herein with reference to the drawings 
is also advantageous in that it can be carried out at a desired location, e.g. a 
construction or job site, as the apparatus can be mobile. Also, cold enlarging 
is less expensive than hot enlarging as no heating energy is required, and no 
additional time need be allowed for heating up and cooling down of a 
workpiece. 
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means to alleviate stress in the workpiece during forging, and forging the 
workpiece. 

17. A method according to Claim 16, the method including the steps of 
providing two opposed forging dies. 

18. A method according to Claim 17, each forging die comprising a relief 
channel into which material of the workpiece can flow during forging, 

19. A method according to Claim 18, including the steps of providing that 
each die part has a first die part and a second die part enlarged with respect 
to the first die part, inserting an elongate workpiece between the dies so that 
the first die part receives a main part of the workpiece, and an end of the 
workpiece projects through and beyond the second die part, and upsetting the 
projecting end so that it flows into the enlarged second die part. 

20. A method according to Claim 19, including the steps of removing the 
forged workpiece from the apparatus and forming a thread on the enlarged 
part of the workpiece. 

21. A method of cold forging an elongate workpiece, substantially as 
hereinbefore described with reference to the accompanying drawings. 

22. An elongate metal workpiece whenever forged by apparatus according 
to any of Claims 1 to 15, or whenever produced by a method according to 
any of Claims 16 to 21. 



23. An elongate metal workpiece according to Claim 22, having at least 
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8. Apparatus according to Claim 7, llie means for pressing the die parts 

together comprising an hydraulic press acting substantially vertically in use. 

9. Apparatus according to Claim 7 or Claim 8, the second-mentioned 
means comprising an hydraulic press acting substantially horizontally. 

10. Apparatus according to Claim 9, at least the distance between the 
enlarging die and the substantially-horizontally acting hydraulic press being 
adjustable. 

11. Apparatus according to Claim 10, the distance being adjustable by 
adjusting the pressure of a forging piston for effecting forging. 

12. Apparatus according to Claim 11, the distance being adjustable by 
adjustment of a forging pad on which the forging piston can act. 

13. Apparatus according to any of Claims 9 to 12, the pressure of the 
substantially vertically acting hydraulic press being adjustable. 

14. Apparatus according to any of Claims 6 to 13, the first die part having 
an internal die configuration substantially complementary to the external 
configuration of a major part of a workpiece which is to be forged. 

15. Apparatus for cold forging/enlarging a metal workpiece, substantially 
as hereinbefore described with reference to the accompanying drawings. 

16. A method of cold forging an elongate metal workpiece, comprising the 
steps of providing forging apparatus having a die, providing the die with 



one threaded end. 
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24. An elongate metal workpiece according to Claim 23, comprising a 
reinforcing bar for use in building construction. 

25. A reinforcing bar according to Claim 24, having an internally threaded 
sleeve on an end opposite an enlarged threaded end. 

26- A reinforcing system, comprising a plurality of reinforcing bars 
according to any of Claims 22 to 25. 

27. A reinforcing bar, substantially as hereinbefore described with 
reference to the accompanying drawings. 

28. Concrete whenever reinforced by a workpiece or reinforcing bar 
according to any of Claims 22 to 27. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

P^^LACK BORDERS 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 




FADED TEXT OR DRAWING 



LURRED OR ILLEGIBLE TEXT OR DRAWING 



